Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



LIBRARY 

OF THE 

University of California. 



GIRT OK 



Accession H(i54.> Class iOSt 





PHYLLOSPADIX AS A BEACH-BUILDER.' 



RALPH ERWIN GIBBS. 



In December, 1898, while overhauling a heap of seaweeds 
recently collected by Prof. W. A, Setchell and myself at 
Bodega Bay, California, I discovered, clinging to a branch 
of Amphiroa, a small brown object which bore, at first sight, 
a rude resemblance to a beetle's head with rigid, bristle-fringed 
antenn<E. On examination, however, it was evident that this 
nondescript, clasping the Amphiroa in such a way that the 
reflexed bristles, or "barbs," of fts arms resisted attempts 
to detach it, was the seed or fruit of some flowering plant. 
Further, it was obvious that this contrivance of arms and 
bristles was a unique and most interesting example of dis- 
semination mechanism. 

As there arc extensive beds of eelgrass (Phyllospadix) 
growing in shallow water along the rocky shores of Bodega 
Bay, the possibility suggested itself that this was the ripe 
fruit of Phyllospadix, and upon comparison with the figures 
of Ruprecht and others it seemed that such was the case, — 
although our find was, in some respects, very different from 
what Ruprecht supposed to be the "ripe fruit."* 

A few weeks later, at Monterey Bay, the matter was put 
beyond doubt, and given new complexity and interest, when 
we collected not only an abundance of the fruits, but also 
young plants in several stages of development. Following up 
these discoveries, and with the help of Professor Setchell and 
Dr. W. L. Jepson, I made an investigation, the results of 
which are here set forth. These results, to anticipate a sum- 
mary, are, first, some data as to the life history of Phyllospadix, 
and, second, some speculation as to the significance of the 
plant from a geological point of view. 

I Thesis for the degtee of M.S.. University of California, May. 1900. 

' Ruprecht, F. J. Ncue . . . Fflanien aus dem . , . Stillen Oceans. 1851. 
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the body of it as in a sling of tough, compact tissue, com- 
posed of elongated lignified cells. Further, this endocarp, 
prolonged downward, forms the axes of the arms ; and, finally, 
it produces a great number of very long and thick-walled , 
cells, which He loosely imbedded in the softer substance of 
the "fin" {/). These "fibers" may be easily separated from 
one another, and from the enclosing exocarp, except at their 
lower ends, where they are conjoined with the endocarp of the 
arms. These slender lignified cells are the Fasem of Ruprecht, 
and now it is to be inquired how 
they are metamorphosed into the 
barbs of Fig. 3. 

When the ripe fruit is ready to 
break loose from the spadix, its 
arms have grown longer and 

stiffer, as in Fig. 3, but are still, * 

of course, enclosed in the exo- 
carp. Now the fruit begins 

to drift about, — flung against the rocks, washed up on the 
beach, and sucked back again, bruised and scoured, in the 
swirling sand and pebbles of the undertow ; and after a little 
of this rough-and-tumble existence the spongy exocarp begins 
to wear away, leaving exposed, in the arms and about the upper 
part of the seed, the hard endocarp, while about the base (1.^., 
the lower middle part of Fig. 3) there is laid bare the smooth 
surface of the shell-like testa. But the important point is that 
the exocarp in which the barbs are imbedded is also got rid of. 
It easily flakes off and is washed away, and then, with a little 
more sand-scouring, the freed barbs, springing apart a little, 
stand out clean, like so many whalebones. 

Now our "anchoring mechanism" is uncovered and ready for 
use. By this time, too, the seed may be ready to germinate, 
and, for the safe putting forth of leaves, a fixed abiding place 
is necessary. The seed must be anchored, and, the anchors 
being ready, the next requisite is a suitable anchoring ground. 

Along our coast there are various species of coralline sea- 
weeds (Corallina, Amphiroa) which abound wherever there 
are rocks between tide-lines. These alga^ have slender. 
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Perhaps the exposure, and consequent partial drying of the 
seed, at low tide helps to crack the testa. At any rate, when 
germination begins the basal end (A) of the hypocotyl bursts 
through the testa and presses the broken edge of it back, leav- 
ing a clear passage for the cotyledon. The 
hypocotyl grows no farther than this, and 
eventually, when its store of substance has 
served to give the young plant a start, it 
dies away. 

The cotyledon grows out little beyond 
the hypocotyl, and is quickly outstripped by 
the ensheathed plumule, which turns upward 
and shortly unfolds to the waves several 
grass-like leaves (Fig. 6). Henceforth it is 
these leaves only which grow upward ; for, 
except for the slender peduncle which bears 
the inflorescence, the only stem of the 
mature Phyllospadix is a creeping root- P""- <> -'^^W«"i>«™< 
stock, or rhizome. 

Our seedling (Fig. 6) has now quite a start in life, and yet 
it has no root. Its leaves, meanwhile, whipped back and forth 
by the waves, are gradually beaten to shreds, and replaced by 
others. In this way several of the first leaves may 
have lived and died before any root appears. At last, 
when roots are put forth, there are two of them pro- 
duced, not from the hypocotyl, as we might expect, but 
I, ,-j,i. ^ro™ ^*^* stem above the cotyledon (r, Fig. 7). 
That is to say, these are, in the technical 
sense, adventitious roots. When full grown 
the roots are about two centimeters long, 
stout, and unbranched. This first pair hang 
' down, one on either side of the stem, and 
stnkm and irmiani of are sooo followcd bv Several more which 

cotylwlim ; /, wcond node , , , . 

«iih rtirnini ot leaf; r, grow out from the second mternode. 

"""■ When the roots are several millimeters 

long they begin to produce, near their tips, a dense, woolly 
covering of root-hairs, and when a root comes in contact with 
any object, — be it the stem of the Amphiroa (Fig. 8), the rock 
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as the parent stem creeps on it leaves on either side of its trail 
a series of new rhizomes, starting out at right angles to the old 
one. In like manner this new generation of rhizomes branch 
and rebranch, growing over and upon one another, till, in a few 
years, the bowlders, as well as the bed-rock, are covered by a 
patch of eelgrass, — a thick mattress, which, as it lies in sinu- 
ous tangles at low tide, quite dissipates the force of a hammer, 
though swung with all the energy of an enthusiastic botanist, 
and so must, one would think, considerably lessen the effect of 
the forces which are ordinarily at work reducing the bowlders 
to pebbles and grinding down the rock itself. 

This brings us to the second phase of our subject, namely, 
the significance of such a plant as Phyllospadix to the geolo- 
gist. What we wish to show is that under some conditions 
the effects of the plant in modifying the results of wave and 
current action are worthy of consideration. 

Various geological authorities have commented upon the 
protection afforded to shore rocks by some marine plants, and 
upon the accumulation of detritus by others. Certainly no 
plant is better adapted to either of these functions than Phyllo- 
spadix. In the first place its manner of growth is exceptional, 
resulting, as it does, in the formation of a broad, continuous 
patch, instead of a scattering of individuals. Again, unlike the 
soft or rubbery fronds of the algx, its leaves are strengthened 
by extremely tough bands of collenchyma fibers. 

A moment ago we noticed how the eelgrass bed, the growth 
of which from a seedling we have sketched, covers the bowlders 
with a thick mattress which must prevent attrition between 
the loose stones and pebbles. At Bodega Bay may be seen 
such a bed, where, at low tide, one may stumble for rods along 
a bowlder-strewn shore, without seeing the rock under foot, all 
being overlaid by the tangled mat of eelgrass. Now, it might 
be objected that the corrosive action of the acids excreted by 
root-hairs would offset the protection the plant might afford 
to the rock. But it is at once obvious that the root-hairs of 
Phyllospadix are, in this respect, unlike those of most plants. 
Their essential function is that of attachment, not nutrition, 
and, of course, if they should cut the ground from under their 
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The result of the accumulations, then, is that the water is 
made shallower, so that, though the pounding of the heavy 
seas upon the shore is lessened, the waves still race in over 
the shallows and carry up the smaller particles to deposit them 
on the beach. At the same time, even though the littoral 
drift be not held permanently by the eelgrass, yet the time 
required for it to pass the place, and hence its chance of 
contributing to the beach, is increased. 

Shoaler and shoaler grows the water, the shore line advan- 
cing as a low beach, and finally, — the littoral current being 
deflected seaward and the wave deposition continuing, — the 
terrace that was is overlaid by a sand-flat. 

That the long, hemp-like fibers of eelgrass lend coherence to 
the mass of sand and stones in which they are imbedded is 
attested by the -fact that where, as above, we find a clump 
of eelgrass half-buried in the sand, the level of sand within the 
clump is often several inches above that of the surrounding 
beach. 

In closing, and to recapitulate, it. seems probable that the 
spreading over a terrace of such a plant as Phyllospadix must 
tend, first, to protect the rocks from erosion and attrition ; 
second, to help, by trapping the shore-drift, to raise the terrace 
so as to form a beach, or a sublittoral sand-flat ; and last, by 
binding together its materials, to render the foundation of the 
beach, once formed, more coherent and stable. 



University of California, Berkelky, Cal., 

May, 1900. 
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PHYLLOSPADIX AS A BEACH- BUILDER. 



In December f 1898 » while overhauling a heap of sea- 
weeds recently collected by Prof* W« A# Setchell and myself 

at Bodega Bay» California, 1 discovered, clinging to a 
branch of Amphiroa, a small, brown object which bore, at 
first sight, a rude resemblance to a beetle's head, with 
rigid, bristle-fringed antennae. On examination, however, 
it was evident that this nondescript:, clasping the Amphiroa 
in such a way that the reflexed bristles acted as barbs, 
resisting attempts to detach it, was the seed, or fruit, 

of some flowering plant • Further, it was obvious that 
this contrivance of arms and bristles was a unlq^e and most 
interesting example of a dissemination mechanism* 

As there are extensive beds of eCl-grass (Phyllospadix } 

growing in shallow water along the rocky shores of Bodega 
Bay, the possibility suggested itself that this was the 

ripe fruit of Phyllospadix, and upon comparison with the 
figures of Ruprecht and others th& possibility became a 
strong probability; although our find was, in some respects. 
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very different from irtiat the earlier writers had accept- 
ed as the •ripe'fruit. 

A few weeks later, at Monterey Bay, the matter was 
put beyond doubt, and given new complexity and interest, 
when we were able to collect, not only an abundance of the 
fruit, but also young plants in several stages of develop* 
ment* 

The investigation to which these discoveries led was 
carried on under the supervision of Prof. Setchell and Dr# 
W. L« Jepson, and its results are embodied in the present 

paper* These results, to anticipate a summary, are, first , 
>^a. new and interesting data as to the life history of 
Bhyllospadix, and, second, some idrgip>ftod speculations as 
to the importance of this plant from the geologists point 
of view# 

But first, to consider the fruit itself* Upon com- 
parison of Figures 2 and 3 it is seen that our wave-beaten 
specimen from Bodega, with its long, stiff arms, lined with 
brushes of inflexed bristles, is a decided departure from 

what Ruprecht took to be the ripe fruit. His figure is 
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approximately reproduced in Fig* 2, which is drawn from the 
most mature fruit I have been able to find still attached 
to the spadix. Fig* 1 shows a younger stage* 



The feature which catches the attention in Fig* 3 iSf 
of course, the arreuigement of the two arms^ with the 
bristles, or "barbs'^. This is what I have called a "dis- 
semination mechanism"* This natne is, however, a misnomer, 
for this is a device, not for scattering the seeds, but for 
anchoring them after they have been drifted to a distance 
from the parent plant. 

But that we will come to later* The question here 
is - What is the origin of these barbs? How are they 
developed from the bald object we see in Fig* 2? Curiously 
enough the key to this puzzle was unwittingly stiunbled upon 
by Ruprecht in 1852, and the latent significance of his 
remark has not, until now, been apparent* Ruprecht, no 
doubt, noticed upon the fin-like expansion which extends 
between the arms and the body of the green fruit the parallel 
dark streaks marked in Fig* 2, for he remarks that, upon 
dissection, he found bundles of "braune Diii3ern" imbedded in 
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the softer t semi- translucent tissue » and it is these 
"brown fibers" which, as we shall see, cut an important 
figure in one chapter of Phyllospadix* life history* 

In Fig* 4 is shown a dia^amnatic section of the stage 
of fruit shown in Fig* 2, cut in the plane of the two arms. 
The pericarp is here so differentiated that we may dis- 
tinguish, for convenience, two parts:- what we may call the 
exocarp ( ex) » ^^^ outer, soft, spongy portion, and the end^- 
carp (en). The latter is, at the lower end of the seed, 
thin or absent, but it clasps the body of the seed as in a 
close-fitting sling of tough, compact tissue, composed of 
elongated, lignified cells* Further, this endocarp, pro- 
longed downward, forms the axes of trhe arms, and, finally, 
we see, loosely imbedded in the softer substance of the 
•fin", a great number of very long, and uniformly- thick- 
walled, cells (f, f,) which are conjoined, at their lower 
ends, with the endocmrp of the arms* They appear to be 
gummed together, but may easily be separated from one 
another and from the enclosing exocarp* These slender, 

lignified cells are the "fasern" of Ruprecht, and now it is 
to be enquired how they are metamorphosed into the "barbs" 
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of Pig. 3* 

When the ripe fruit, at last, is ready to break loose 
from the spadix, its arms have grown longer and stiffer, 
as in Fig. 3, but are still, of course, enveloped in the 
exocarp. Now the fruit begins to drift about,- flung 
against the rocks, washed up on the beach, and sucked back 
again, bruised and scoured, in the swirling sand and 
pebbles of the undertow, - and after a little of this roug^i 
and tumble existence the spongy exocarp begins to wear away, 
leaving exposed, in the arms, and about the upper part of 
the seed the hard endocai*p, while about the base (i.e. the 
part a. Fig. 3) there is laid bare the smooth surface of 
the shell-like testa. But the important pointt is that the 
exocarpa in which the barbs are imbedded is also gotten rid 
of. It easily fletkes off and is washed away, and then, 

with a little more sand- scouring, the gummy matter between 
the barb-cells being dissolved out, the freed barbs, spring- 
ing apart: a little, stand out clean, like so many whale- 



bones* 



Now our "anchoring mechanism* is uncovered and ready 
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to germlrBte, and, for the safe putting forth of leaves* a 
fixed abiding place is necessary* The seed must be anchor- 
ed* The anchors are ready, so the next requisite is a 
suitable anchoring ground* 

Along our coast there are various species of corallin 
algae (Corallina, Amphiroa) ivhich abound wherearer there are 
rocks between tide-lines, and which have slender, lime- im- 
pregnated stems made flexible by being broken into short 
Joints* These stems, like strings of coral beads, are 
constricted between the Joints, and form an intmcate, often 
turf -like, growth over the wave-washed rock* 

We could not imagine a better opportunity for Phyllo- 
spadix in search of a lodging place; and it seems that Phyllo- 

spadix is, in fact, not slow to catch on, for experience 
showed us that the more profitable way to collect Phyllo- 
spadix seed was to search at low tide, not in the ell-grass 
itself, but rather among the Corallins covering some flat 
rock Just inshore from the ell-grass beds* 

When the fruit, hurried landward by a wave, blunders 
against a tip of A|nphiroa there is a fair chance that the 
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stem will slip into th% crotch of one of Ithe arms# When 
once this has happened the wanderings of Phyllospadix are 
over* The many barbs unite to hold whatever is caught, 
and further knocking about by the waves only serves to 
wedge it further and more firmly^ into the crotch# The 
se^ented structure of the Amphiroa prevents it from slipp- 
ing through the grasp of the arm, and so the seed is at 
last safe)^ planted, as it were, in a tree top* Frequent- 
ly, it even catches two branches of its host, one in either 
armpit, and so swings secure upon two anchors* 

Time and seed are not ripe for germination* What 
next takes place will be better understood upon referrine^ 
to Fig . 5* Here is a longitudinal, dorsiventral, median 
section of the immature fruit* The cavity of the seed is 

filled by the embryo, of which the bulk consists in the 
hypocotyl (h, h* ) • The cotyledon (c) is short, straight, 

and tubular, and serves merely as a sheathe for the plumule 
(p)« It lies upon the ventral side - as regards the 
pistil - of the hypocotyl, and points toward the base, l.*ie* 
in the direction of the arms* The testa (t) is formed of 

Cf* Dudley 
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a single layer of cells with thick lignified wallst and 
thuSf while it serves, like an arch of bricks, to protect 
the embryo from oatside pressure, it is readily burst open 
by the swelling- within, of the hypocotyl* 

Perhaps the exposure, and consequent partial drying- 
of the seed, at low tide, helps to crack the testat At any 
rate, when germination begins the basal end (h) of the 
hypocotyl bursts through the testa and presses the broken 
edge of it back, leaving a clear passage for the cotyledon. 
The hypocotyl grows no further than this, and eventually, 
when its store of substance has served to give the young 
plant a start, it dies away* 

The cotyledon grows out little beyond the hypocotyl, 
and is quickly outstripped by the ensheathed plumule, which 
turns upward, and shortly unfolds to the waves several grass 
like leaves (Fig« TJ • Henceforth, it is these leaves, 
only, which grow upward, for, except for the slender 
peduncle which bears the inflorescence, the only stem of the 

mature Phyllospadix is a creeping rootstock, or rhizome* 

6 
Our seedling (Pig* %} has now quite a start in life. 
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and yet it has no root. Its leaves » whipped back and 
forth by the waves* are gradually beaten to shreds* and 
replaced by others. In this way several of the first 
leaves may have lived and died before any root appears* At 
last, when roots are put forth, there are two of them pro- 
duced, not from the hypocotyl as might be expected, but 
from the stem above the cotyledon (r,|li£**8^) • That is to 
say, these are, in the technical sense, adventitious roQ)ts, 
and, in fact, Phyllospadix never has any but adventitious 
roots. They are an inch long, or less, stout, and un- 
branched* This first pair hang down, one on either side 
of the stem, and are soan followed by several more which 
grow out from the second internode. 

When the roots are several millimeters long they 
begin to produce, near their tips, a dense, woolly covering 
of root-hairs, and when a root- comes in contact with any 
object,- be it the stem of the Amphiroa (Fig. 9)» the rock 
beneath, or another root - these rhizoidal hairs spread, as 
a closely adhering film of whitish fibers, over the surface 
touched, binding the root to it. 

The root-hairs assume most fantastic shapes to con- 
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form with tht irregularities of the rook* If a root has, 
by cheuioet entered the loose sand, it becomes enclosed in 
a compact cylinder of sandy bound and held together by the 
myriad of branching, contorted, interwoven hairs* 

The plant has now got a firm hold on life* Supposing 
that the start has been made aloft in the branches of the 
Amphiroa, the elongating stem now dips downward till it 
strikes the rock* Thenceforward it cree|>s along, takings 
as it goes» a firm grip upon every inch* At each node 
it bears a leaf, and each of the short* inter nodes produces, 
one one side a supra axillary bud, and on the other what 
Prof* Dudley has aptly termed an "epaulettie* of six or 
eight: roots; alternating, so that, if one internode has its 
roots on the right side, the nextt will have its on the left 
Thus the stem, though in itself weak and brittle, keeps a 
close, broad grasp of the rock, while the wiry leaves, 
buoyed by their intercellular air spaces, stream upward, 
sometimes for a length of two meters* Before these leaves 
have been whipped to tatters by the waves, their place is 
supplied by new ones from the lateral buds* 



^ Vid. Dudley. 
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When the rhizome a length of, often, onljr eight or ten 
inches, it begins to die away behind* At the same time 
the lateral buds begin to push out for themselves, so that, 
as the parent stem creeps on, it leaves on either side of 
its trail a whole series of new rhizomes, starting outr at 
right angles to the old one* In like manner this new 
generation of rhizomes branch and rebranch, growing over 
and upon one another, till, in a few years, the boulders, 
as well as the bed rock, are covered by a patch of ell- 
grass; - a thick mattress irtiich, as it lies in sinuous 
tangles at low tide quite dissipates the force of a sledge- 
hammsr, though swung with all the energy of an enthusias- 
tic botanist, and so must, one must think, considerably 
lessen the effect of the forces which are ordinarily at 
work reducing the boulders to pebbles, and grinding down the 
rock itself. 

This brings us to the second phase of our subject,- 
namely, the presumable significance of such a plant as 
Phyllospadix to the geologist. The reader is not to infer 

from the title of this paper that its purpose is to putt 
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forward Phyllospadix as a prime creator of beaches • What 
we do propose, however, is to show that under certain con- 
ditions the effect of Phyllospadix in modifying the resultb 
of wave and current action may be worthy of consideration^ 

Various geological authorities have commented upon the 
protection of shore rocks by some marine plants, and the 
accumulation of detritus by othersV Certainly no plant is 
better adapted for either of these purposes than Phyllospa- 
dix* For one thing, its manner of growth is exceptional, 
resulting in the formation of a broad, continuous patch, 
instead of a scattering of individuals* Again, unlike 
the soft or rubbery fronds of the algae^i its leaves are 
strengthened by extremely tough^ bands of collenchyma fibers . 

A moment ago 1 alluded to the effect which a Phyllo- 
spadix bed, the growth of which from a seedlings we have 
sketched, would have in neutralizing the attrition^ amo ng^ 
the loose boulders and pebbles over which it has spread* At 
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Bodega Bay -I have- seen such a bed, where one could stumble^ 
at low tide, for rods along a boulder- strewn shore unable 
to see the rock under foot, all being overlaid by the 
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tangled mat of ell-grasfi* Now, it might; be objected that: 



the corrosive action of acids excreted by the root-hairs 
would probably flrff e e t any possible protection the rocks 



'^ 



might get from the ell-grass • But it must be remembered 
that the essential function of the roots of Phyllospadix is 
attachment, not nutrition, andy that, since they are of 
limited growth there can not be a renewal, as in other, ^ 
plants, of root-hairs# To Phyllospadix, therefore, root- 

hairs which cut the ground away from under their feet, so 
to speak, by dissolving the rock to which they ought to hold 
fast, would be useless* .^ ^ 






It seems, thftn,reas^jiable to suppose tha^t^in such a 
place as the above-deBcribed the muffling and entangling of 



v" 



the loose stones/must greatly reduce the effectiveness of 
the surf ••mill'* which, notroally, warld , reduce^the boulders 

/ y ^ / 

to pebbles and sand^.'^ 

Suppose now that a wave-cut terrace, which is being 
widened by the inroads of the sea, and which is sweptt by a 
litoral current bearing the shore-drift along with it, 
becomes overspread by a growth of corallin algae# Geike, 
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in his "Textbook of Geology", speaks of the preservation of 
shore rocks by the overgrowth of these corallins ("calcare- 
ous nullipores" ) . These plants cover the substratum witth 
a brittle calcareous crust, which, though a considerable 
protection against the cutting of water-borne satnd, is 
shattered by the blow of a pebble. This calcareous enam- 
elling retards, to some extent; the lowering of the terrace 
by the sand- bearing currect. This is, -as-the terrace 



widens the water above it may remain comparatively shallow. 
Moreover, many of these coral inns, like Amphiroa etnd Coral- 
lina, produce, in addition to the calcareous crust, numerous 
erebt. Jointed fronds, and these, as we have seen, offer the 
best possible lodging for Phyllospadix. Here, then, we 
have the conditions most favorable to Phyllospadix,- shallow, 
but not quiet water, and corallins to anchor the seeds* 

Gradually, supposing there is el 1-gras s . growing ^a lready ^ 
within drifting distance, the terrace becomes dotted with 
green tufts, the tufts spread into patches, and ultimateljr 
the higher border of the terrace presents, at low tide, 
rather the appearance of a wind-laid hayfield, the "grass". 
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six and even eight feet long, lying in prostrate tangles* 
Now begins tiie aocumalation of debris* Stones and 
pebbles being carried along shore by the current, odds and 
ends of seaweeds, and all the multtifarious small drift of 
the shore are caught in the network of rhizomes and wi 



leaves* The larger stones may themselves serve as a foot- 
hold upon which the rhizomes climb higher and wave their 
leaves higher in the water. Rvery stone entangled serves 
to stop more pebbles and sand, and, as the mass continues to 
pile up, the rhizomes are at last buried deep under it* But 
as long as the tips of the leaves wave free the plant 
thrives* On almost any of our beaches there may be found 
between tide-lines, tufts of slender leaves apparently 



A/'^ 



' '4' 



growing in th© sand, but realJr y Anchored to the rock, a yard 
or more below. 

The result of the accumulations! then, is that the 
water is made shallower by several feet* Consequently, 
though the pounding of heavy seas upon the shore is lessen- 
ed, the waves still race in over the shallows, and carry up 
the smaller particles to deposit them on the beach. At 
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the same time, even though the literal drift be not held 
permanently by the ell-grass, yet the time required for it 
to pass the place, and hence its chance of contributing to 
the beach, is increased. 

Shoaler and shoaler grows the water, the shore line 
advancing as a beach, and finally,- the litoral current 
being deflected seaward, and. the wave deposition continuing, 
the terrace^ thatfwaw is at length overlaid by a sand-flat* 

That the long, hemp-like fibers of ell-grass lend co- 
herence to the mass of sand and stone in which they are im- 
bedded is attested by the fact that where, as above, we find 
a clump of ell-grass half-buried in the sand, the level of 
the sand within the clump is often several inches above that 



/ 



of the surrounding beach. 



In closing, and to recapitulate, we c^mMJt^^hto that the 
spreading over a terrace of such a plant as Phyllospadix 
will tend, first, to protect the rocks from erosion and 
attrition,* second, to help, by trapping the shore-drift, to 
build up the terrace so as to form a beach, or a sub-litoral 
sand flat? and last, by binding together its materials, to 
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render the foundation of the beaoh» once formed^ more co- 
herent and stable. 
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